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Cohort: origins of the word

http://www.caerleon.net/
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Introduction
• Measurement of the occurrence of events over time is a 

central goal of epidemiologic research
• Regardless of any particular study design or hypothesis, 

interest is ultimately in the disease or outcome-causing 
properties of factors that are antecedent to the disease or 
outcome.

• All study designs (including case control and cross-
sectional studies) are played out in some populations over 
time (either well defined cohorts or not)
– They differ in how they acknowledge time and how 

they sample exposed and non-exposed as these groups 
develop disease over time
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Morgenstern IJE 1980

All the action happens within a “sea of person-time” 
in which events occur
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Cohort studies

Intuitive approach to studying disease incidence and risk factors:
1. Start with a population at risk
2. Measure exposures and covariates at baseline
3. Follow-up the cohort over time with 

a) Surveillance for events or b) re-examination
4. Keep track of attrition, withdrawals, drop-outs and competing risks
5. For covariates that change over time, measure them again during 

follow up
6. Compare event rates in people with and without exposures of interest

- Incidence Density Ratio (IDR) is the most natural and appropriate 
measure of effect
- Adjust for confounders and compute adjusted IDR
- Look for effect measure modification, if appropriate
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Cohort studies

• Can be large or small
• Can be long or short duration
• Can be simple or elaborate
• Can look at multiple exposures and multiple outcomes
• Can look at changes in exposures over time 
• For rare outcomes need many people and/or lengthy follow-

up
• Are usually very expensive because of the numbers and 

follow-up requirements
• But once a cohort is established, can sustain research 

productivity for a long, long time!



7

Cohort: keeping track of people

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000
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Cohort study

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000
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Cohort study: direction of analysis goes from exposure to 
outcome (even if outcomes have already occurred)

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000
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General structure of a cohort study

• The passage of time is explicitly incorporated (difference between 
beginning and end of the study)

• Observations are made on an outcome of interest (death, incidence of 
disease, change in a biologic marker, health status)
– These measures may be made repeatedly throughout the study or 

only at the beginning and end
• The purpose of the study may be:

– Focused:  to test a specific hypothesis or
– Descriptive:  to gather data with which to generate hypotheses
– Broad:  to test multiple hypotheses

• One strong advantage of a cohort study over other designs is that the 
dynamic nature of many risk factors and their relationships in time to 
disease occurrence can only be captured in the cohort design
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Table 1.  Types of outcomes for cohort
Discrete events

Single Events

Mortality

First occurrence of a disease or health-related outcome

Incidence (density)

Cumulative incidence (risk)

Ratios (incidence density and cumulative incidence)

Multiple occurrences:

Of disease outcome

Of transitions between states of health/disease

Of transitions between functional states

Level of a marker for disease or state of health

Change in a functional/physiologic/biochemical/anatomic marker for disease or health

Rate of Change

Patterns of growth and/or decline

“Tracking” of markers of disease/health

Change in level with time (age)
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How are cohorts assembled or identified?

• By geographical region
– E.g. Framingham heart study

• By occupational group
– Nurses health study
– British Doctor’s health study
– Gold miners study on TB in S Africa

• By disease
– Multi-center AIDS Cohort (MACS)

• By risk groups
– San Francisco Men’s Health Study (gay men)
– IV Drug Users cohort (ALIVE Study in Baltimore - AIDS Linked 

to the Intravenous Experience) 
• By exposure event

– Japanese Atomic Bomb Survivors
– 9/11 FDNY workers cohort
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How are cohorts assembled or identified?

• Often, researchers begin 
with a large cross-
sectional study (e.g. 
survey)

• They then go back and 
re-survey the same 
population after a time 
period

• This converts a cross-
sectional into a cohort 
design

JAMA 2005

AJRCCM 2006
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Methods to define exposure and outcome 
status

• Existing records
– Occupational (e.g. employee health records)
– Medical/pharmacy records
– Vital registration records (births, deaths)
– Census records
– Medicare database and the like

• Interviews/questionnaires
• Direct measurements on participants (e.g. periodic health 

exams and tests)
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Some Terminology

• The terms “prospective,” “longitudinal,” and “follow-up” study (contrasted with 
“retrospective” for case control studies) have been used synonymously for 
cohort studies but this terminology is slowly being abandoned and replaced 
with the term “cohort study”

• Cohort studies are also designated by the timing of the data collection 
(retrospectively or prospectively) in relationship to the investigator’s time
– Historical, retrospective, and nonconcurrent:  collect data on events that 

have already occurred
– Prospective:  most widespread use is to refer to studies in which the 

investigators observe occurrence of events
– Note:  exposures and outcome may or may not have already occurred

• Single vs. double cohort
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Variants of cohort design

Grimes et al. Lancet 2002;359:341-45



Prospective cohort design
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Gordis: Epidemiology 4E

http://www.studentconsult.com/content/default.cfm?ISBN=9781416040026&home=true�


Retrospective cohort design
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Gordis: Epidemiology 4E

http://www.studentconsult.com/content/default.cfm?ISBN=9781416040026&home=true�


Example of a retrospective cohort study
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How was exposure determined?
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•In 1992 the women indicated their birth weight in categories of 
pounds. These were not sure, <5 lb, 5 lb to 5½ lb, >5½ lb to 7 lb, >7 
lb to 8½ lb, >8½ lb to 10 lb, and >10 lb. 
•The women also said whether they had been born full term or two 
or more weeks prematurely and whether they were one of a multiple 
birth (hereafter referred to as twins).

Validation of self reported birth weight
•The validity of self reported birth weights was tested among a 
younger cohort of female nurses aged 27-44 years
• Birth weight was obtained from 220 state birth certificates, and 
70% of participants reported the same birth weight category as their
birth certificate
•The Spearman correlation between categories of self reported and 
recorded birth weight was 0.74



How was outcome determined?
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•Because we obtained information in 1992 on birth weight we were
able to consider only non-fatal cardiovascular end points that
occurred between the 1976 and 1992 questionnaires. 
•Permission to review medical records was sought from participants 
who reported a non-fatal myocardial infarction or stroke. 
•The records were reviewed by doctors who were blind to the risk 
factors of the participants. 
•Non-fatal myocardial infarctions and strokes for which we could 
not obtain hospital records but which required admission and were 
corroborated by additional information in a letter or from a 
telephone interview were classed as probable events.



Copyright ©1997 BMJ Publishing Group Ltd.

Rich-Edwards, J. W et al. BMJ 1997;315:396-400

Fig 1 Relative risks with 95% confidence intervals for non-fatal cardiovascular disease by birth 
weight
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(Single) Cohort Study Design

No Randomization

Diseased Non-diseased

Exposed

Diseased Non-diseased

Non Exposed

Defined Population
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(Double) Cohort Study Design

No Randomization

Diseased Non-diseased

Exposed

Diseased Non-diseased

Non Exposed

Defined Population
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Methodologic advances in the cohort design

• Cohort studies have greatly evolved over 
time

• The challenge of coping with temporally 
changing exposures and covariates can now 
be tackled using increasingly sophisticated 
designs for longitudinal data analysis.
– The paucity of software and hardware 

able to cope with such analyses 
prevented their widespread application 
until only recently



29

Modern era of cohort research (begins late 
1940s, early 1950s)

• Landmark studies (some continue today)
– Framingham heart study
– Japanese atomic bomb survivors
– British doctors cohort study

• Key features of these cohort studies
– Size
– Richness of the data
– Sustained follow-up data over decades
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Framingham Heart Study
• Begun in 1948 to address rising incidence of CVD
• Key features in its success

– Selection of a small and cooperative community
– Sustained NIH support (maintained it as an 

intramural project)
– Rigorous and standardized protocols for data 

collection
– Third generation of family members now enrolled 

(grandchildren of the original cohort!)
– Methodologic advances were forthcoming to permit 

useful evaluation of such longitudinal data
• Example:  first application of discriminant 

analysis in epidemiology in 1967 (Truett et al.  
A multivariate analysis of the risk of coronary 
heart disease in Framingham.  J Chronic Dis 
1967; 20:511-24)—predicted 12-year 
probability of developing coronary heart 
disease based on levels of seven risk factors.

– >1200 publications over 50 years!
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Japanese atomic bomb survivor study

• Addressed consequences of ionizing radiation exposure
• Unlike Framingham study (which was designed to test multiple 

hypotheses) this study had only one goal:  to address the 
consequences of ionizing radiation exposure

• Radiation doses for sampled survivors were reconstructed and 
they were entered into a cohort study with regular medical 
exams

• This study provides the underpinnings of radiation standards 
worldwide
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Japanese atomic bomb survivor study (cont.)

• Some findings:
– Acute leukemia peaked about 1952 and then began to 

decline
– By 1960 excesses of solid tumors were noted
– The study’s design encouraged methodological 

developments related to measurement of time and age-
dependent effects, interaction of radiation with other 
factors, and the consequences of measurement error 
(reviewed in:  Samet J.  Epidemiologic studies of 
ionizing radiation and cancer:  past successes and future 
challenges.  Environ.  Health Perspect 1997; 
105(suppl4):  883-9
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Doll and Hill cohort study of British physicians

• Was a follow-up of initial 
observations from (mistrusted) 
case-control studies suggesting a 
very strong association between 
smoking and lung cancer

• Began in 1951, continues in 2005
• 40 year follow-up reported in 1994 

(Doll et al.  Mortality in relation to 
smoking:  40 years’ observations 
on male British doctors.  BMJ 
1944; 309: 901-11)
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Doll and Hill cohort study of British physicians 
(cont.)

• Strengths of the study:
– Selection of a cooperative population 

that could easily be followed for 
mortality (public data) and smoking 
status (mailed questionnaire)

• This study , along with 7 other prospective 
cohort studies, were available for review 
by the Surgeon General’s advisory 
committee (US Dept. HEW, Public Health Services.  
Smoking and health:  report of the advisory committee to the 
Surgeon General of the Public Health Service.  Washington, 
DC:  US GPO, 1964)
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The era of large, focused, cohorts (1970’s +)

• NIH took the lead in establishing multicenter, prospective 
cohort studies, especially in the area of cardiovascular 
disease:
– Atherosclerosis Risk in Communities Study (ARIC)
– Cardiovascular Health Study
– Nurses Health Study (NHS)

• These studies attempted to increase external validity 
through their multi-center design
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The era of large, focused, cohorts (1970’s +) cont.

• Nurses’ Health Study 
(began 1976)
– Original goal was to 

evaluate risks of oral 
contraceptives

– Has become one of 
the principal sources 
of observational data 
on diet and chronic 
diseases

– Questionnaires are 
periodically mailed 
out to thousands of 
nurses
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http://www.channing.harvard.edu/nhs/gallery/index.shtml

Nurses’ Health Study
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http://www.channing.harvard.edu/nhs/gallery/index.shtml

Nurses’ Health Study
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http://www.channing.harvard.edu/nhs/gallery/index.shtml

Nurses’ Health Study
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Snail Mail to Online Questionnaires!
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Multicenter AIDS Cohort Study (MACS)

• Began in 1984 with a cohort of 
approximately 5,000 gay men 
in four cities

• Study began before HIV was 
identified as the cause of AIDS

• Collected complete clinical data 
and stored blood specimens 
every 6 months

• Used repeatedly to study risk 
factors for HIV infection, 
progression, and prognosis



45

Methodologic advances driven by cohort studies

• Cohort data analysis fostered collaborations between 
epidemiologists and biostatisticians

• One key advance was the development of sampling methods for 
efficiently addressing the relation between exposure and outcome 
(especially valuable when outcomes are infrequent)
– E.g. widespread use of nested case-control designs

• Another key advance was development of sophisticated 
multivariable methods to address confounding and correlations 
between repeated measures
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Methodologic advances driven by cohort studies 
(cont.)

– Example:  nested case-control study compares the exposure history 
of the cases within a cohort to controls in the cohort sampled from 
the time at which the cases developed

• Nested case control studies are usually analyzed using 
conditional logistic regression

– Example:  case-cohort study compares covariate data for cases 
with that of a random sample of controls drawn from the start of 
the study

• Case-cohort studies are usually analyzed with Cox 
regression(with staggered entries and robust methods for 
calculation of standard errors)
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Data analysis in cohort studies in the 1970’s

• Prior to the 1970’s, analyses of cohort data were based 
primarily on life-table methods; binary variables were the 
principal outcomes

• Methods extended to cohort analysis (such as discriminant 
analysis and logistic regression) did not explicitly 
incorporate time

• Seminal paper by Cox (J.Royal Stat Sci 1972;B34:187-202) 
provided the basis for what is known as proportional 
hazards (Cox) regression

• Poisson regression methods were extended in the 1970’s for 
the analysis of events in person-years data structures
– Particularly useful for the analysis of trends and changes in incidence of 

disease over calendar time
– Of great utility for data in which specific time origin is not well-defined
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Data analysis in cohort studies in the 1980’s and 
1990’s

• Development of techniques for longitudinal data analysis:  
the analysis of markers of disease progression observed 
repeatedly (e.g. blood pressure, weight, etc.)

• Four broad categories of longitudinal data analysis with 
repeated measures:
– Marginal models
– Transitional models
– Random effects models
– Regression trees (“CART” refers to regression and 

classification trees)
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Data analysis advances in the 1990’s and 2000’s

• Unified framework for linear models articulated under which 
linear, logistic, Poisson, and many survival regression models 
could be viewed as specific cases of generalized linear models 
(“GLM”)
– Extensions of this model permit relaxation of the assumptions 

previously required and triggered the development of new 
techniques (such as quasi-likelihood)

– These new GLM methods can:
• Cope with more complicated variance structures (e.g. 

correlated data)
• Handle nuisance correlations with robust methods for 

approximating estimated standard errors
• Mixed and hierarchical models (multi-level models)
• Models that handle time dependent variables
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Bias in cohort studies

• Selection bias
• Information bias
• Confounding
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Gordis: Epidemiology 4E

http://www.studentconsult.com/content/default.cfm?ISBN=9781416040026&home=true�
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Selection bias in cohort studies
• Examples:

– Bias in using the general population as a comparison group 
for occupational cohorts

– Bias due to differential drop-out rates among exposed and 
unexposed

• E.g. cohort study on progression to AIDS
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Selection Bias: Cohort Studies

Example: Cohort study of progression to AIDS: IV drug users (IDU) vs homosexual 
men 
– In general, getting sicker is a common reason for loss to follow-up
– Therefore, persons who are lost to follow-up have different AIDS incidence 

than those who remain (i.e., informative censoring)
– In general, IDU more likely to become loss to follow-up - at any given level of 

feeling sick
– Therefore, the degree of informative censoring differs across exposure groups 

(IDU vs homosexual men)
– Results in selection bias: underestimates the incidence of AIDS in IDU relative 

to homosexual men

Jeff Martin, UCSF
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Survival assuming no 
informative censoring and 
no difference between IDU 
and homosexual men

Effect of informative 
censoring in IDU group

Effect of informative censoring 
in homosexual male  group

Time

Probability 
of being 

AIDS-free

Selection Bias: Cohort Studies

Jeff Martin, UCSF
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Information bias in cohort studies
• Sources:

– Misclassification of exposure at baseline (not likely to be influenced by 
outcome status)

– Changes in exposure status over time (time-dependent covariates; 
dynamic exposures)

– Ascertainment of outcomes during follow-up (which can be influenced 
by knowledge of exposure status: “detection bias” or “outcome 
identification bias” or “diagnostic suspicion bias”)

• Clinical example:  pathologist more likely to use the term 
“alcoholic cirrhosis” when evaluating a borderline liver 
specimen if the pathologist knows the patient is alcoholic

• Another example:  nephrologists sent simulated case histories in 
which the patient’s race was identified randomly as black or 
white.  

– The nephrologists were 2x more likely to make a diagnosis 
of hypertensive end-stage renal disease if the patient was 
identified as black in the history
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Confounding: a key concern with cohort studies

Rochon et al. BMJ 2005



Cohort study on HRT and cardiovascular disease
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Confounding was adjusted using multivariate analysis
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RCT on HRT and cardiovascular disease
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Confounding was not an issue because of randomization



B-File #1 provides the full story

63
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Critical appraisal of cohort studies
• Example: The Newcastle-Ottawa Scale

• Selection
– 1) Representativeness of the exposed cohort
– 2) Selection of the non exposed cohort
– 3) Ascertainment of exposure
– 4) Demonstration that outcome of interest was not present at start 

of study
• Comparability

– 1) Comparability of cohorts on the basis of the design or analysis
• Outcome

– 1) Assessment of outcome 
– 2) Was follow-up long enough for outcomes to occur
– 3) Adequacy of follow up of cohorts

http://www.lri.ca/programs/ceu/oxford.htm
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Key design elements of a cohort study

NEWCAS TLE - O TTAW A Q UALITY ASS ESS MENT SCALE
CO HORT S TUDIES

Note: A study can be awarded a ma ximum of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Comparability

Selection
1) Representativeness of the exposed cohort

a) truly representative of the average _______________ (describe) in the community  
b ) somewhat representative of the average ______________ in the community 
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort

2) Selection of the non exposed cohort
a) drawn from the same community as the exposed cohort 
b) drawn from a different source
c) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure
a) secure record (eg surgical records) 
b) structured interview 
c) written self report
d) no description

4) Demonstration that outcome of interest was not present at start of study
a) yes 
b) no

Compara bility
1) Comparability of cohorts on the basis of the design or analysis

a) study controls for _____________ (select the most important factor) 
b) study controls for any additional factor   (This criteria could be modified to indicate specific    

              control for a second important factor.)
Outcome
1) Assessment of outcome 

a) independent blind assessment  
b ) record linkage 
c) self report
d) no description

2) Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) 
b) no

3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for  
b ) sub jects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select an      

              adequate %) follow up, or description provided of those lost) 
c) follow up rate < ____% (select an adequate %) and no description of those lost
d) no statement

The Newcastle-Ottawa Scale (NOS) for 
assessing the quality of nonrandomised 

studies in meta-analyses
GA Wells, et al.

http://www.ohri.ca/programs/clinical_epidemi
ology/oxford.htm



66
http://www.strobe-statement.org

STROBE
Checklist 

for 
Cohort 
Studies
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Required readings

• Gordis text:
– Chapter 9: Cohort studies
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